h i g h l i g h t s " The sequential nitrification and denitrification accomplished in a BER. " The GAC play key role as biocarrier and third electrode in this pattern. " The HRT and I are important operational parameters in this system. " The CCD and RSM declared sufficient models based on experimental results.
a b s t r a c t
In this study, a twin-chamber upflow bio-electrochemical reactor packed with palm shell granular activated carbon as biocarrier and third electrode was used for sequential nitrification and denitrification of nitrogen-rich wastewater under different operating conditions. The experiments were performed at a constant pH value for the denitrification compartment. The effect of variables, namely, electric current (I) and hydraulic retention time (HRT), on the pH was considered in the nitrification chamber. The response surface methodology was used based on three levels to develop empirical models for the study on the effects of HRT and current values as independent operating variables on NH 4 + -N removal. The results showed that ammonium was reduced within the function of an extensive operational range of electric intensity (20-50 mA) and HRT (6-24 h). The optimum condition for ammonium oxidation (90%) was determined with an I of 32 mA and HRT of 19.2 h.
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Introduction
The uncontrolled discharge of nitrogen components through nitrogen-rich wastewaters has been considered as a worldwide human health threat and environment challenge (Chen et al., 2006) . In wastewater treatment plants with an anaerobic digester, reject water from dewatering digested sludge contains a significant amount of nitrogen (15-25% of the total nitrogen load in influent), which the effluent recycles to the head of the sewage treatment works (Mata-Alvarez, 2002; Dosta et al., 2007) . The specific characteristics of the reject water, such as high concentration of ammonium and low C/N ratio, allow the application of special treatment methods. A separate treatment of reject water would significantly increase the elimination of nitrogen by decreasing the nitrogen load in the main stream (Fux et al., 2002) .
Biological methods are more cost effective compared with physical-chemical techniques. In a conventional approach, nitrogen elimination is done through sequential nitrification and heterotrophic denitrification. The low ratio of C/N in reject water and high operational costs, attributed to O 2 provision and organic carbon necessities, have impeded broad implementation of conventional nitrification and denitrification. Recently, new methods, such as biological nitrogen removal via nitrite, have been applied as effective and economical approaches in treating reject water (Jenicek et al., 2007) . Biological nitrogen removal is performed via nitrite due to the lower oxygen requirement (25%) and chemical oxygen demand (COD) 40% for denitrification, as well as faster kinetic of the process, in contrast with removal via nitrate. In addition, heterotrophic denitrification is deemed unfavorable (Zhao et al., 2011) due to limitations such as residual carbon sources,
